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Neutrinoless double beta decay

2vE3e
(A, Z) = (A, Z+4+2)+2e™ + 20,

e Standard Model allowed process
e observed for several isotopes (76Ge, 130Te, 136Xe ...)
e Tyoinrange 1070 - 1024 yr

OovBp
(A, Z) — (A, Z+2)+ 2e™

* |epton number violation AL=2
* physics beyond the Standard Model
(light Majorana v, R-handed weak currents, SUSY particles ...)

* Vv have Majorana character 2vBp Ge-76:
e mass scale and hierarchy “ 0.003 - Qus=2039 keV
* Tip limits in the range 1021 - 1026 yr S oo |
. . >
(one claim for signal by HdM subgroup) S o Ovpp
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The GERDA collaboration

http://www.mpi-hd.mpg.de/gerda/
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The GERDA experiment

Clean room and lock system i
. & - — g 1Y
(. 1

v - o wi)
. - v, tae
e ) l [ ‘ » Ny r H )

: Water tank/
uon veto

it

Ge detector array "

-«

y/ "“.'1
— = - 4 "“_4
- - N y \j
g o 3 o 1 )
' .,
< . X S
» - y
LN 5
$is.
» el
- o
i
. - UN_ _'un
| |
5 1
P 'S
{
- ~ >
- o~ 4
:
- £

D. Palioselitis %)é

4

nnnnnnnnnnnnnnnnnnnnnnnnnnnn



Phase | detectors

Semi-coaxial

= 3 enriched semi-coaxial
" p-type HPGe detectors
(refurbished HAM and
- IGEX diodes)

5 enriched p-type
BEGe detectors

~88% enrichment fraction
~86% enrichment fraction

3.0 kg
g 14.6 Ne
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Overview of Phase | data taking

c [ 25-32,34-43,44-46 GERDA13-05 | 5
S 1oy .W e ony I Data set Exposure (kg yr)
@ T HH 20~ _
o 11065 Coaxial (Golden) 17.9
£ 0.8} %q 1 3 : :
A | ,/’/ 163 Coaxial (Silver) 1.3
= i |
Y d I BEGe 2.4
- A 112
_ el H.0 Total 21.6
04T /’/ 8
il Pl 1° | « stable background index over time
¥ = Ovpp analysis — |4
LI MIIII [ Wy e rmerae L III 1 -
OO Xl | I | 1 TN IIIBiacI:Ilfllgrl(l)lIJHr](ljr Ia.rII]IaI.MI)ISIIIS [ 1o | ] ‘E O > tem porary Increase after BEGe
Nov-11 Feb-12 A Jun-12 Oct-12 Jan-13 date May 13 deteCtOFS IHSGFTIOH
I _OPF coaxial diodes, E: 1550-3000 keV :
© _ &
5 enBEGe insertion|  [2”*°F * ¥
g 0.20— +
2vBB analysis (5.04 kg yr) : 0_153

« data taking: Nov11-May13 (492 days) °'1°
* average duty cycle 88% 0.05
* Dbi-weekly calibration 228Th (“spikes”)

it i

Irnsertron of BEGe detectors

IJen-12 Apr 12 Jul-12 Oct 12 Dec 12 Apr 13
date
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Calibration and energy resolution

= shift of 2614.5 keV position S
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Phase | energy spectrum
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Measurement of the 2v([3 hali-life of 76Ge

* 5.04 kg yr exposure

S . o , ,
§ >0 : ;X(f;;;me”f?'_?”%ngﬁspectf“m  binned ML fit (600-1800 keV)
5 400 e 8 e fit parameters (32):
3 * active detector masses (6+1)
* enrichment fractions (6)
* background contributions (3x6)
e T[4 common to all detectors
> c 22 5
3 2200 2 : 2
E B (L% E l l f this work
- 1.6_— ‘:’,’ +
% 2.5 5_ e  data/model 14 ;_ E l { Barabash
= 2 0E [ 68% o B ~ IL:)
K3 = 1 95% 12— % |3
(ED 1.5 I 99.9% . N @.é
eI I o S - 10 1|1
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publication year

% = (L8492 01 ) x 10%!yr = (184°0%8) x 10%'yr
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Background modelling
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Background Index at Qppb

Minimal model (well-motivated contributions)
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no y line expected around Qop

agreement after partial
unblinding

spectrum can be modelled with
flat background (1930-2190 keV)
excluding 21Bi (2104 keV) and
208T| (2119 keV)

background index at Qpp
(no PSD)
(17.6-23.8)x10-3 cts/(keV kg yr)
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Pulse Shape Discrimination Methods

weighting potential
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 BEGe detectors:
mono-parametric A/E method
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Pulse Shape Discrimination Efficiencies

Semi-coaxial

[] wioPSD §15 . .
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Phase | Ov[3[3 results: unblinding

Qopb = SkeV
Jalmded wmdow>
> 33— _ - GERDA 13-07
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i exposure background expected cts observed cts
kg yrl 10E-2 cts/(keV kg yr) (Qbb * 5keV) (Qbb % 5keV)
golden 17.3 1.8 1.1 3.3 2.0 5 2
silver 1.3 0.3 3.0 0.8 0.4 1 1
BEGe 2.4 4.2 0.5 1.0 0.1 1 0
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Phase | Ov30 results: T2 [Imit o
i (GERDA |
3 > = GERDA 13-07 , . . .
E ﬁopom comparison with the signal claim
"UE)Q 8 corrected . . . . .
§ 25}
1= ‘ 20t
VI TN i |
0= 5005 2030 5035 '2040 2045 5050 2055 2060 §1o | it il \ “l/ -
energy (keV) , .1. ST e
Frequentist analysis (baseline) HTHE HIIHHGIT ‘ [
« profile likelihood fit to 3 datasets with common 1/T1,2 Ao a0t a0 aso | 2w a0 e
* best fit N =0 cts Hypothesis test:
e NOV< 3.5cts (90% C.L.)
+ Tie > 2.1x1025 yr (90% C.L.) |
* median sensitivity for no signal (MC) Mo ; bilcggrfgrwzdoon(;y?j
Ti/2 > 2.4x10%5 yr (90% C.L.) SRS Gk 2dbsat
Sayosian analysis H+ : claimed signal (T12 =1.19x102° yr) +bg
e flat prior on 1/T12in (0,10-24) yr-! range expected cts: 5.9+1.4
* best fit NO = O cts I
e N% < 4.0cts (90% C.I.) |
- Ti2>1.9x10%5 yr (90% C.1.) Observed cts: 3
* median sensitivity for no signal (MC)
T12 > 2.0x102° yr (90% C.1.) * Frequentist p-value P(NO%=0| H1)=0.01
Combined GERDA + IGEX + HdM * Bayes factor P(Hi| Ho) = 2.4x10

* Bayes factor P(H+| Ho) = 2.0x10-4 (combined)
long standing claim disfavoured
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photomultiplier

copper shroud
with Tetratex lining

detector array

fiber curtain

copper shroud
with Tetratex lining

photomultiplier
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without veto
with LAr veto
with PSD cut

with veto & PSD ——

2000 2500

..

3000

new Lock system
size of detector array increased to 7 strings
* LAr instrumentation surrounding the array

Liquid Argon scintillation as background veto
* PMT arrays on top and bottom

Pulse shape analysis and LAr veto
measured a suppression factor of
(5.2+1.3)x103 at Qup for close 228Th

Si-photomultipliers coupled to WLS fibers
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N | Distribution of T/o-limits assuming: P - 12°
> | : . A 2e
§ 19— S1) baseline detector assembly
g - { # { | S2) deployment of new detectors | AN 2.4
;; S ¥ f __________ { ______________ i -------- { i ________ — S1: median value : \00 =
~ R L LSRR R -{ ----- -{} ------- ;----{--; ----- {f ----- - | [ S1: 68% prob central interval """"" \ 2 -
2 17 - i ______________________ ﬁ ________ { ________________________ | — S2: median value B \\ 1.8 m—g
% E { } I { Y S2:68% prob:centrallintervall J \ 16 %
z F 1.4 C\;
- 12 =
B I I T — P
mass [g] =)
0.8
30 new BEGe detectors for Phase |l 06
stored in LNGS (20kQ)
Detector Modules: 1%
Significant amount of copper and PTFE replaced A 02
by intrinsically radio-pure silicon i e S S A 0
energy resolution (vacuum test) at 1.3MeV: 2 40 1234
<1.9keV (FWHM) me e b
A/E PSD

an order of magnitude improvement on

robust, simple, well-understood AR
’ P'e, T1/2 sensitivity in ~5 years

low Bl due to cosmogenic activation (60Co, 68Ge):

<104 cts/(keV kg yr)
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Summary and Outlook

* GERDA Phase | design goals reached
* exposure of 21.6 kg yr
* background index at Qup after PSD: 0.01 cts/(keV kg yr)
* no OvP[3 signal observed
long standing claim claim strongly distavoured
 new limit on OvBp halt-life
T12 > 2.1x1025 yr (90% C.L.)

 GERDA Phase Il transition ongoing
* additional 20kg of detector mass
* new custom-made BEGe detectors with enhanced PSD
* Liquid Argon instrumentation
e background target 103 cts/(keV kg yr)
e explore OvVBP T4 values in the 1026 yr range
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